• Exposure to flame retardants was measured for PTC patients and matched controls.
Introduction

24
The incidence of thyroid cancer has dramatically increased world-wide over the last 25 several decades (Ho et al. 2015) . In the United States, thyroid cancer incidence has increased by 26 an average of 3% per year over the last four decades, making thyroid cancer one of the fastest 27 increasing cancer among both American women and men (Chen et al. 2009; Lim et al. 2017) .
28
This observation has been almost exclusively the result of an epidemic of papillary thyroid 29 cancer (PTC), which now comprises approximately 84% of new cases (Lim et al. 2017) . While 30 radiation exposure, family history, and obesity are established risk factors, little research has 31 investigated the role of other environmental exposures, which may be significant contributors to 32 increasing PTC incidence (Kitahara and Sosa 2016).
33
Use of flame retardants (FRs) also increased over the last several decades due to the 34 implementation of mandatory and voluntary flammability standards for furniture, electronics, These types of FRs are not chemically bound to the products in which they are used, 44 leaving them predisposed to leach into the environment and resulting in widespread human 45 exposure, particularly in home environments. They are ubiquitously detected in indoor dust 46 in particular thyroid cancer risk. Indeed, many FRs are considered carcinogens and have been 70 associated with the increased development of hepatocellular adenomas and carcinomas in 71 chronically exposed rodents. In separate studies, rats exposed to experienced increased rates of thyroid gland follicular cell adenomas and carcinomas (NTP 73 1991; NTP 1986) .
74
Despite animal evidence indicating that the thyroid may be particularly sensitive to FRs, 75 the impact of FR exposure on human thyroid cancer risk remains unknown, particularly for the 76 newer-use PFRs and alternative BFRs. To our knowledge, only one study has investigated this 77 potential association; Aschebrook-Kilfoy et al. (2015) reported no association between exposure 78 to Penta-BDEs and PTC (Aschebrook-Kilfoy et al. 2015) , but other FRs, including the newer use FRs, were not investigated. Therefore, the current study was designed to test the 80 hypothesis that higher exposure to FRs in the home environment is associated with increased 81 odds of PTC. To accomplish this, a matched case-control study design was used. To reduce potential selection bias, inclusion was restricted to individuals living within 50 107 miles of Duke. To confirm that levels of exposure in the current home were reflective of 108 exposure occurring over the last several years (e.g. before the diagnosis of PTC was established),
109
inclusion was restricted to individuals that had lived in the same home for at least two years.
110
Because a supplemental goal of our larger research effort was to evaluate the impact of FR 111 exposure on thyroid function, pregnant women were excluded, as thyroid hormone levels vary 112 considerably during pregnancy (Alemu et al. 2016 tumor size was classified as "small" for tumors less than 2 cm and "large" for tumors larger than 125 2 cm. In addition, BRAF V600E mutation status (+/-) was assessed for a subset of cases (n=45).
126
The BRAF V600E mutation (+) is common among PTCs and has been associated overall with All study participants were asked to provide non-fasting blood samples in which PBDEs
169
were measured. Serum samples were assessed for 27 PBDEs as described in Butt et al. 2016 . respectively. This fraction was analyzed using GC/MS in electron capture negative ionization the median value among controls to represent 'high' and 'low' exposure in predictive models.
198
Kruskal-Wallis tests were used to assess bivariate associations between FRs and PTC outcomes.
199
Logistic regression models were used to examine associations between exposure and case status outcomes with multiple levels (tumor size, histopathology, etc.).
203
Regression analyses were adjusted for participant age and household income, which are 204 variables hypothesized to be related to both FR exposures and thyroid cancer risk or diagnosis.
205
Ten participants chose not to provide their household income; for these participants, income was imputed as the average household income in the census tract in which they were living at the Table 1 FRs also were associated with markers of tumor aggressiveness ( between serum BDE-47 and BDE-153 levels and PTC (Supplemental Table 2 ). Investigating 295 more-detailed case definitions (e.g. presence of BRAF V600E mutation) did not provide 296 additional insight (Supplemental Table 3 ).
Discussion
299
The incidence of PTC has increased over the past several decades, a period over which 300 the use of FRs also increased. 
